Introduction
The surface grasshopper, Chrotogonus trachypterus Blanchard (Orthoptera: Acrididae) has been recognized as a threat to agricultural in semi arid zone of Rajasthan, India. It is a destructive polyphagous pest of crops in seedling stage. Adults as well as nymphs cause severe damage to cereals and vegetables [1] , [2] , [3] , [4] . Locust and grasshopper control has been carried out with chemical pesticides since ancient time. Although chemical pesticides have brought spectacular revolution in grasshopper control, however, concern about their negative impact on the environment caused them to be prohibited in most countries. Alternative of these, the use of synthetic pyrethroids has rapid knockdown effect on insect pest. Contact toxicity of synthetic pyrethroids alter morphology and cause cellular degeneration in insects. Deltamethrin is one of the synthetic pyrethroids which have extremely high insecticidal activity at very low concentration and biodegradable in nature have been introduced to suppress the development and reproduction of insect pest. Very low application rate of synthetic pyrethroids brings reduced environmental pollution. Exposure of sublethal doses of the insecticide greatly affected the development of gonads in insects [5] , [6] , [7] , [8] , [9] . Although, the use of pesticides has proved quite effective in the grasshopper management, but not much work has so far been done for the control of C. trachypterus using synthetic pyrethroids. Hence, the present work was aimed to investigate histopathological effects in ovaries of C. trachypterus induced by sub lethal concentration (LC 50 ) of deltamethrin.
II.
Materials and Methods
Experimental insect
The stock culture of C. trachypterus was maintained in laboratory at 30±2ºC temperature and 60±5% RH at Entomology Laboratory, Department of Zoology, University of Rajasthan, Jaipur, Rajasthan (India).
Insecticides used
Synthetic pyrethroid-Deltamethrin (LC 50 =18.36 ppm) Adult females were topically treated with sub lethal concentration of deltamethrin using a micro syringe and dissected 24 hour after treatment.
Transmission Electron Microscopy (TEM)
Ovarioles were removed/excised from the abdomen and cleaned from the surrounding fat body, then kept in ice-cold (0-5 °C) karnovsky fixative, pH 7.3 for electron microscopy. The tissues were transferred to fresh ice-cold fixative for 1hr. After washing for 30 min in 0.1M sodium cacodylate buffer, pH 7.3, the tissues were post-fixed for further 1h in 1% osmium tetroxide in 0.1M sodium cacodylate buffer at same pH at 4.°C.The samples were then dehydrated at room temperature via a graded series of ethanol solutions to propylene oxide prior to embedding in Araldite epoxy resin. Semi thin sections were cut from these blocks stained with toluidine blue and examined under the light microscope. The ultrathin sections so obtained from selected blocks were mounted on copper grids stained with uranyl acetate and lead citrate and then viewed in a transmission electron microscope (Philips Morgagni 268 D) at the central laboratory, Sophisticated Analytical Instrumentation Facility (DST), Department of Anatomy, All India Institute of Medical Sciences (AIIMS), New Delhi.
III. Results

Structure of ovarian follicle of normal adult
The female reproductive system of C. trachypterus consists of a pair of ovary either side in the abdomen, is consisted of a number of egg-tubes or ovarioles which are placed the oocyte in a linear sequence and reflects their progressive development (Fig.1) . The elongated tube in which the developing eggs are disposed one behind the other in a single chain, the oldest oocyte being situated near the union with the oviduct. The wall of an ovariole is made of inner tunica propria which rests upon a basement membrane. Outside the latter is a peritoneal coat of connective tissues (Fig. 4) . In C. trachypterus panoistic type of ovarioles are found in which nurse cells are absent. As oocyte grows, its nucleus increases proportionately in size and it is known as the germinal vesicle. Each ovariole is consisted of variable number of oogonia and oocytes at different stages of development.
Histologically three zones are differentiated in an ovariole:-
Terminal filament is a slender thread like apical prolongation of the peritoneal layer and unites with each other to form the suspensory ligament which holds the ovary in its position. The narrow terminal part of each ovariole, the germarium is differentiated in to cells that were destined to become the oocyte. In the germarium, oogonia and the pre vitelline oocytes were found. The oogonia showed various stages of cell division (Fig.2) . Pre vitelline oocytes were present at the periphery and were smaller than the oogonia. The oocytes are arranged in linear fashion one behind the other and are surrounded by the distinct follicular epithelium. The size of oocytes increased from terminal end to down wards of the ovariole. Thus, the younger oocytes were found towards the germarium or apical end.
The vitellarium which constitutes the major portion of an ovariole contains the developing oocytes at different stages of development. The epithelial layers of the wall of the vitellarium grows inwards and enclose each oocyte in a definite sac or follicle thus, each ovarian follicle is composed of oocytes with surrounding follicular epithelium (Fig. 4) . During vitellogenesis reserve material was deposited in the ooplasm, consequently, the oocyte is filled with numerous yolk spheres. The oocyte nucleus became ovoid and is shifted to a lateral side.
The ultrastructural study revealed that the follicular epithelium or peritoneal sheath of vitellogenic follicle was composed of a single layer of more or less columnar to cuboidal cells containing homogenous yolk material. The matrix contained yolk spheres and clear spaces near the adjusting follicular cells. Follicular cells play a major role in the incorporation of yolk granules into the oocyte during vitellogenesis. Normal follicular cells appeared with homogenous yolk material. Follicle cells exhibited abundance of oval shaped mitochondria, smooth and rough endoplasmic reticulum and golgi bodies in the cytoplasm (Fig. 5, 6 ). In ultastructural observation normal follicular cells appeared with homogenous ooplasm and mitochondria contained normal cristae. Presence of well developed mitochondria proved normal protein synthesis and secretion of yolk during vitellogenesis. Follicle cell nuclei were large and occupied most of the cell volume throughout vitellogenesis. Coated vesicles were also detected between follicular cells indicating their role in the selective uptake of protein (Fig. 7) . During vitellogenesis the nucleus and nuclear membrane appeared normal and cytoplasm was homogenous with rich mitochondria. The nuclei were spherical in shape and bound by well developed nuclear membrane. Chromatin material was evenly distributed in nucleus (Fig. 6) . Mature oocytes were characterized by having an abundance of large yolk bodies each of which was surrounded by a granulated rim.
Structure of ovarian follicle of treated adult
Ultrastructural histopathological examination of ovarian follicles one day after treatment with sublethal concentration of deltamethrin showed different deteriorating effects. Vacuolization in developing ovarian follicles exhibited degeneration of cell components with damaged yolk. Yolk material in oocyte was observed no longer homogenous and showed clear separation. Many vacuoles appeared in yolk region indicating abruption of vitellogenesis (Fig. 9) . In oocytes, the yolk bodies were surrounded by relatively clear rings, some of which showed cracks and fissures dividing the yolk bodies, while others appeared normal. Large lipid droplets of different sizes were also present in the oocytes (Fig. 9) . There was disorganization of mitochondria with malformation of their structure without cristae (Fig. 10) . The ooplasm was no longer homogenous, the nucleus appeared with many lysosome-like bodies and phagocytic vacuoles indicating the beginning of cell lysis (Fig. 10) . Finally, it was revealed that electron micrograph of ovarioles showed degeneration of cell components of the follicular epithelial cytoplasm, aggregation of mitochondria and the vacuolized ooplasm.
IV. Discussion
The ovarioles found in Chrotogonus trachypterus Blanchard panoistic type, in which nurse cells are absent and ovarioles are differentiated into three zones viz., the terminal filament, germarium and vitellarium. Engelmann [10] and Reda [11] reported that Schistocerca gregaria as well as other orthopteran insects have panoistic ovarioles enclosed in a nucleated ovarian sheath. Similarly, Tobe and Pratt [12] observed four distinct periods, an early growth period, previtellogenic period, vitellogenic period and finally chorionation, which preceeds ovulation in Schistocerca gregaria. Simiczyjew and Margas [13] also revealed ovaries of Ischnopsyllus spp. was composed of panoistic ovarioles comprised of a terminal filament, germarium, vitellarium and pedicel. During vitellogenesis reserve materials were deposited in ooplasm and consequently oocytes become voluminous and filled with numerous yolk spheres. Ghazawi et al [7] also reported that female of Heteracris littoralis Ramb. consists of similar ovarian structure.
Electronmicrograph revealed homogenous matrix containing yolk spheres and clear spaces near the adjoining follicular cells. Follicle cells exhibited abundance of mitochondria, endoplasmic reticulum and golgi bodies in the cytoplasm. Coated vesicles were also detected between follicular cells which proved to be engaged in the selective uptake of protein in the ovarian follicles of C. trachypterus. John and James [14] observed that the apical ooplasm of S. gregaria was rich in ribosomes and mitochondria, while rough endoplasmic reticulum (rER) and golgi complexes occupied the basal and basolateral regions of the cells. These ultra structures point to an increase in the activity of follicular cells associated with the synthesis and secretion of egg precursors. Bilinski and Büning [15] reported panoistic oocyte nuclei (germinal vesicles) of previtellogenic oocytes contained numerous polymorphic multiple nucleoli, chromatin aggregations and within the latter phase, abundant ribosomes as well as mitochondria in the snow scorpionfly, Boreus hyemalis. Dos Santos and Gregorio [16] reported a population of lumen cells, with morphological features of secretory activity between the epithelial sheath and the tunica propria.
Smith [17] revealed that electron microscope can play role in clarify and bringing into sharper focus aspect of coated vesicles on the basis of their known biochemical and physiological attributes. They proved their engagement in the selective uptake of particular protein. Anderson [18] described protein yolk formation in the cockroach, Periplaneta americana as regard the role of coated vesicle in build up yolk granules within the ooplasm. The junctional complex presumably help to maintain intracellular communication and the structural integrantion of the epithelium, but the fate of junctional complex at the end of yolk deposition vary due to deposition of harmful chemical substances [14] & [16] . Hussein et al [20] also observed junctional complexes between follicles in S. gregaria and Follicle cells play an important role in the synthesis of yolk components. Among these are glycoproteins, phospholipids and triglycerides [21] , using cytochemical techniques Hinton [22] described the occurrence of fatty and compound yolk in oocytes of Aspongopus obscures which is comprised of unsaturated neutral fats synthesized in oocytes. Activity of follicle cells increase the secretion and synthesis of egg envelop precursors as proved by the presence of dictyosomes, rough endoplasmic reticulum and free polyribosomes in Ischnopsyllus spp. [23] , [24] . Further, Grandi [25] reported lysosome like bodies, lipid droplets as well as polyribosomes, numerous dense granules, free or associated mitochondrial clusters in ovary of Kalotermes flavicollis (Fabr.) and at meiotic stage the cisternal complex became vacuolated, as evidence of disintegration and during late vitellogenesis the germinal vesicle contains numerous uniformly distributed, tiny multiple nuclei which proved rapid RNA synthesis for formation of yolk.
Ultrastructural histopathological examination showed different deteriorating effects on oocytes. Follicular cells were degenerated and vacuolization was exhibited in developing ovarian follicles. Degeneration of yolk region indicated abruption of vitellogenesis. Disorganization of mitochondria with malformation of their structure without cristae was also exhibited. Similarly, newly emerged 5th instar nymphs of S. gregaria treated with cascade, rice bran extract and karate, synthetic pyrethroids each at LC 50 produced disturbance in protein synthesis of the ovary, which reflected an inhibition of ovarian maturation and showed a degeneration of ovarioles and oocytes, disintegrated mitochondria, enlarged vacuoles and cracked yolk bodies mostly in two halves [14] , [19] & [20] . Ghazawi et al [7] observed disintegration and destruction of ovarian follicle cells and mitochondria in topically treated female of Heteracris littoralis with serial concentrations of azadirachtin. According to Reda [11] many histopathological changes in ovaries of S. gregaria produced disturbance in protein synthesis which reflected an inhibition of ovarian maturation and degeneration and vacuolization of the follicular cells when treated with chitin inhibitor, consult and lufox toxicants. Vitellogenesis was inhibited in mature oocytes. The follicular epithelial cells were greatly malformed and lysis of cytoplasm was observed.
According to Gill et al [26] synthetic pyrethroids led to degeneration and toxic changes in reproductive organs. Cypermethrin treatment induced tissues alterations which included degenerative changes in luteal cells, pleomorphic changes, nuclear degeneration and vacuolation, cell shrinkage and rupture, cloudy swelling and hydropic degeneration, less cytoplasmic granulation, cell elongation, hyalinization and cytoplasmic haziness and stripling and necrosis. Synthetic pyrethroids have a profound effect on the central nerve cord by plugging of sodium and potassium channels, which ultimately stimulate the endocrine system and later on it may affect development of reproductive system [27] & [28] . Follicular cells of developing oocyte apparently regulate transfer of materials for oocyte growth as histochemical studies have proved in the telotrophic ovarioles of Crynodes peregrinus. Follicle cells synthesize RNA which is exported to oocytes during its early stages of growth [29] .
During yolk deposition, as the oocyte grows much more rapidly, the germinal vesicle becomes relatively smaller and finally, the nuclear membrane breaks down. Peaks of synthetic activity in the corpus allatum correspond well with the onset of previtellogenic growth in the oocytes. Corpus allatum insufficiency is responsible for resorption of growing oocytes [12] . Improper functioning of endocrine system in female insects could be another reason during the maturation of the ovaries. However, according to Ergen [30] the accessory glands required corpora allata for their normal secretory activity. Therefore, the probability of endocrine system affecting the gonads cannot be ruled out.
V. Conclusion
The present study revealed that deltamethrin induced toxic effects pertaining to morphological and histopathological changes in female reproductive organ. Most of the histopathological disruptions in gonads were directly related to the fertility and mortality. Thus synthetic pyrethroids could be used as control tool in integrated pest management programme to reduce reproduction of this pest in agricultural area.
